Planetary nebulae often have asymmetric shapes, even though their progenitor stars were symmetric; this structure could be the result of collimated jets from the evolved stars before they enter the planetary nebula phase [1] [2] [3] . Theoretical models have shown that magnetic fields could be the dominant source of jet-collimation in evolved stars 4, 5 , just as these fields are thought to collimate outflows in other astrophysical sources, such as active galactic nuclei 6-9 and proto-stars 10, 11 . But hitherto there have been no direct observations of both the magnetic field direction and strength in any collimated jet. Here we report measurements of the polarization of water vapour masers that trace the precessing jet emanating from the asymptotic giant branch star W43A (at a distance of 2.6 kpc from the Sun), which is undergoing rapid evolution into a planetary nebula 2, 12 . The masers occur in two clusters at opposing tips of the jets, ,1,000 AU from the star. We conclude from the data that the magnetic field is indeed collimating the jet.
Planetary nebulae often have asymmetric shapes, even though their progenitor stars were symmetric; this structure could be the result of collimated jets from the evolved stars before they enter the planetary nebula phase [1] [2] [3] . Theoretical models have shown that magnetic fields could be the dominant source of jet-collimation in evolved stars 4, 5 , just as these fields are thought to collimate outflows in other astrophysical sources, such as active galactic nuclei [6] [7] [8] [9] and proto-stars 10, 11 . But hitherto there have been no direct observations of both the magnetic field direction and strength in any collimated jet. Here we report measurements of the polarization of water vapour masers that trace the precessing jet emanating from the asymptotic giant branch star W43A (at a distance of 2.6 kpc from the Sun), which is undergoing rapid evolution into a planetary nebula 2, 12 . The masers occur in two clusters at opposing tips of the jets, ,1,000 AU from the star. We conclude from the data that the magnetic field is indeed collimating the jet.
The 22 GHz H 2 O masers can be observed at high angular resolution and can be used to trace the magnetic field strength and structure at small scales [13] [14] [15] . Circular polarization is caused by the Zeeman effect, observations of which yield the magnetic field strength along the line of sight 13, 14, 16 . The linear polarization vectors describe the direction of the magnetic field.
We have used the Very Long Baseline Array (VLBA) of the National Radio Astronomy Observatory to determine both the linear and circular polarization of the 22 GHz H 2 O masers in the jet of W43A (Figs 1 and 2 ). In our linear polarization spectra we achieve a r.m.s. noise of approximately 10 mJy beam 21 , and we detect linear polarization in the six brightest maser features (peak flux .6 Jy beam 21 ), with a weighted mean linear polarization fraction of 0.66^0.07%. The 3j r.m.s. upper limits of the linear polarization fraction on the other 14 detected but weaker features range upwards from 0.68%. The linear polarization vectors are predominantly aligned with the jet. According to maser theory, the linear polarization vectors are either parallel or perpendicular to the magnetic field direction 17 . The strongest linear polarization is typically found when the polarization vector is perpendicular to the magnetic field direction on the sky 13, 16 . We thus conclude that most of the observed linear polarization vectors are perpendicular to the magnetic field direction, as shown in Fig. 1c and d .
Across the brightest maser feature we observe a 908 flip of the polarization angle. Here, as predicted by the theory and as previously observed in SiO masers 18 , the linear polarization vector changes from parallel to perpendicular with respect to the magnetic field across the maser. We find the median, error weighted, position angle of the magnetic field to be 227^128 east of north. This error estimate includes the systematic error (88) introduced after polarization calibration with respect to the calibrator J1743 2 0350. The magnetic field direction is thus almost perfectly perpendicular to the jet, which is consistent with a toroidal magnetic field configuration. We have also detected a fractional circular polarization P V ¼ 0.33^0.09% in one of the maser features in the southern tip of the collimated jet (Fig. 2) . Using a full 22 GHz H 2 O maser radiative transfer code, which does not assume thermal equilibrium, to fit to the circular polarization [13] [14] [15] [16] , we find the magnetic field strength along the line of sight in the maser B k ¼ Bcosv ¼ 85^33 mG, where v is the angle between the line of sight and the magnetic field direction. We estimate v < 658 using the linear polarization fraction (0.64^0.19%) of the maser and our polarization model fit results. Thus, the magnetic field in the H 2 O masers at one position within the collimated jet is B < 200^75 mG. This implies that, depending on the hydrogen number density in the H 2 O maser regions of the jet, the magnetic pressure dominates the gas pressure by a factor of 2-200, as expected in the case of magnetic collimation 5 . H 2 O masers at 22 GHz are excited in gas with a hydrogen number density n < 10 8 -10 10 cm 23 (ref. 19) . The H 2 O masers in the collimated jet of W43A probably arise when the jet has swept up enough material previously expelled from the star so that conditions at the tip of the jet have become favourable for H 2 O masers to occur 2 . As the typical hydrogen number density at 1,000 AU from the star is n < 10 5 cm 23 , the swept up material has increased the density in the maser region by a factor of between ,10 3 and 10 5 . When the magnetic field is partially coupled to the gas, compression of the magnetic field lines increases the field strength in the maser region, with the relation between the magnetic field strength (B) and density being B / n k . Theoretical and observational considerations indicate that the coefficient k can range between 0.3 and 1. An empirical relation, which has k ¼ 0.47, was determined from observations of magnetic fields in star-forming regions 20 . Using this relation, the magnetic field strength in the lower density region outside the jet is B < 0.9-2.6 mG. This is consistent with values measured in the OH maser region at similar distances from the star in other systems. Alternatively, the masers may occur in a shock, similar to the H 2 O masers found in star-forming regions 21 . Such shocks might exist between the collimated jet and dense material in the outer circumstellar envelope. For a shock model we calculate, using H 2 O shock excitation models 21 , that the pre-shock hydrogen density is ,3 £ 10 6 cm 23 and the pre-shock magnetic field strength is B < 0.07 mG.
A rotating magnetic field in the outflow of a star can be described by two components: a toroidal component B f (/r 21 ) and the radial component of the poloidal field B r (/r 22 ). Owing to the dependences on distance (r) from the star, the radial component can be effectively neglected at distances of 1,000 AU. This is consistent with the observed magnetic field directions, which are fully toroidal. Using the r 21 dependence, we can estimate the magnetic field strength B fs at the base of the collimated jet on the surface of the star (with stellar radius R < 1 AU) to be ,1.5 G if the jet H 2 O masers are excited in swept up material, or ,70 mG if the H 2 O masers occur in shocks. The stellar toroidal magnetic field strength has a latitude dependence of the form B fs (v s ) ¼ B s sinv s , where B s is the strength at the equator, v s ¼ p/2. Assuming we measure the magnetic field at the edge of the collimated jet with an opening angle of ,58, this implies B s < 35 or 1.6 G. The higher value is in excellent agreement with measurements extrapolated from previous maser polarization observations 14, 15, 18, 22 . The magnetic field and jet characteristics of W43A support the recent theoretical models that use magnetically collimated jets from evolved stars to explain the shaping of asymmetric planetary nebulae 5, 23, 24 . These models also explain the shapes of a large number of other proto-planetary nebulae, such as He 3-401 (ref. 25) . However, the origin of the stellar magnetic field is still a matter of debate. Magnetic dynamo models invoking the differential rotation between a rapidly rotating core and a more slowly rotating outer layer have been shown to be able to produce magnetic fields in evolved stars similar in strength to those found in our observations 4 . Other models stress the need for a binary companion or heavy planet for a sufficient magnetic field to be attained 26 . The presence of a heavy planet in orbit around W43A could also be the cause of the observed jet precession 2, 27 . Different models have described the collimation of jets by magnetic fields around active galactic nuclei (AGN) 7 and proto-stars 28 . These models have been shown to be able to produce many of the observed characteristics of sources, such as the collimated proto-star The perpendicular magnetic field direction of the northernmost maser feature indicates that these masers are probably located at the edge of the jet, where the magnetic field direction is along the projected jet direction owing to shear between the compressed toroidal field lines inside, and the uncompressed field lines outside, the jet. This indicates a ,58 jet opening angle. The magnetic field strength derived from the circular polarization (Fig. 2) is indicated in d. In c-e, the solid/dashed ellipses show the toroidal magnetic field component along the jet. The sizes of the ellipses scale according to a r 21 decrease of the magnetic field strength with increasing distance r from the star.
HH212 (ref. 11
) and a large sample of AGN 8 . Additionally, recent laboratory work has been able to produce jets collimated by toroidal magnetic fields 29 . For the jets produced by AGN there are many indications that magnetic collimation is occurring 8, 9, 30 , however, no observations yet exist of the magnetic field strength. There is also no direct evidence of magnetic collimation of proto-stellar jets. The characteristics of the jet of W43A are similar to those found in starforming environments 11 , and as magnetic fields of similar strengths are found in those regions 13 , magnetic collimation such as described here probably also occurs during star formation.
